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FOREWORD

In conducting the research described in this Report
the investigator adhered to the principles set forth in the
Guide For Care And Use Of Laboratory Animals as promulgated
by the Committee on Revision of the Guide For Laboratory
Animal Facilities And Care of the Institute for Laboratory

Animal Resources, National Research Council - National
Academy of Sciences.
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ABSTRACT

As in previous years, the activities of this Project
were focused on development of: (a) agents fully effective
against infections with blood schizonts of multidrug-resistant
strains of Plasmodium falciparum and P. vivax in the owl monkey;

and (b) compounds more active than primaquine against the tissue
schizonts of P. cynomolgi in the rhesus monkey, and better
tolerated.

Only three new agents were examined for blood
schizonticidal activity. Oneof these, WR-226, 253, a quino-
linemethanol, exhibited activity equal to or surpassing that
of WR-142,490 (mefloquine), the most effective blood schiz-
onticide available heretofore. Experimental infections with
the human plasmodia were employed intensively in clearing
specific preparations of the pyridinemethanols, WR-172, 435
and WR-180, 409, and the Mannich base, WR-194, 965, for evalu-
ations in human volunteers, special attention being given in
each case to identifying the most effective treatment regimen.

Forty-five newly prepared compounds, including
thirty-eight 8-aminoquinolines, were examined for tissue
schizonticidal activity in the rhesus monkey - P. cynomolgi
model. Evaluations of thirteen previously submitted 8-amino-
quinolines were completed. Sixof these fifty-one quinolines,
each at least four times as active as primaquine, were evalu-

ated in-depth for curative activities and were accorded pre-

liminary toxicologic studies. A lot of 4-methyl primaquine
(WR-181, 023), prepared for clinical trials, was evaluated

in detail. Additional studies included: (a) comparison of
the curative activities and toxicities of the D and L forms
of WR-181, 023; and (b) a reappraisal of the need for large
sporozoite inocula in assessments of radical curative (tissue
schizonticidal) activities,
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GENERAL SUMMARY

The period covered by this Report rounds out nine

years of investigations aimed at developing new, well-tolerated

blood schizonticidal drugs equally effective against infections

with both drug-susceptible and multidrug-resistant strains of |
Plasmodium falciparum. This endeavor has been supported by a

recently developed animal model - established infections with
trophozoites of various drug-susceptible and drug-resistant

strains of P, falciparum (and companion infectionswith P, vivax)

in the owl monkey (Aotus trivirgatus). Development of this ‘w;‘
model, accomplished between September 1967 and May 1969, has ;
provided investigators in malaria chemotherapy with their

first opportunity to evaluate new agents in an experimental

host infected with the human plasmodia. A sizeable fraction

of the important accomplishments of the Malaria Chemotherapy

Program of the Department of the Army rests on exploitation

of this model.

The Report period also rounds out more than three
years of investigations directed toward developing more effec-
tive and better tolerated tissue schizonticidal (radical cura-
tive) drugs than primaquine. This activity has been supported
by a slightly modified version of a model introduced to malaria

)

chemotherapy during the post-World War II search for curative
drugs ~ infections with sporozoites of P, cynomolgi in the
rhesus monkey (Macaca mulatta). The modifications of the

old model include substitution of the B for the M strain of
P. cynomolgi and Anopheles freeborni for A. guadrimaculatus
as the insect vector. The predictive value of this simian

R
T N T

model for infections with P, vivax in man was established
nearly twenty years prior to initiation of the current
Malaria Chemotherapy Program,

SOUTHERN RESEARCH INSTITUTE
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As is implied from the above comments, work with
the owl monkey - human plasmodium model was the sole concern
of this Project for some six years when the efforts of the
Malaria Chemotherapy Program were focused almost exclusively
on development of new blood schizonticidal drugs effective
against infections with chloroquine-resistant strains of
P, falciparum, Way was made for work on the rhesus monkey -
P. cynomolgi model in 1972 shortly after the mission of the
Malaria Chemotherapy Program was broadened to include the
search for improved radical curative drugs. 1Initially, this
activity did not affect the tempo of the search for new blood
schizonticides; for somewhat more than the past two years,
efforts in this latter area have declined, while work on n=w

tissue schizonticides has been intensified.

A number of factors have contributed to the above
change in emphasis. First, there has been a marked reduction
in the output of compounds from the primary P. berghei screen
deemed worthy of evaluation in the owl monkey model. Secondly,
pressures for identifying new compounds with promising blood
schizonticidal activity have lessened because of the backlog
of highly interesting agents already awaiting evaluation in
human volunteers. Lastly, the embargo on exportation of owl
monkeys from Colombia, instituted in September 1974, has all
but eliminated the possibilities of immediate use of this host
for malaria or other research in the U.S.A.* These factors

*Evaluations pursued since September 1974 have been sup-
ported by a stock of 150 recently imported monkeys undergoing
conditioning at the time of the embargo and approximately an
equal number of conditioned, but previously used monkeys,
acquired via an exchange arrangement with the Biomedical
Research Institute, Boston. The latter animals had been
used for research on the eye, but had no previous exposure
tomalaria. By strictest economies in assignments and serial
use in evaluating new agents against infections with both
P. falciparum and P, vivax, these subjects provided support
for a sizeable group of studies.

SOUTHERN RESEARCH INSTITUTE
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suffice to explain why only three new agents have been evaluated
in the owl monkey model during the period of this Report and
why this model has been utilized primarily for assessing the
activities of drug preparations destined for study in human

volunteers in the near future,

None of tne three new agents examined during the
current Report period came directly from the P. berghei screen.
Two of the compounds, WR-199, 426, a 4-quinolinemethanol, and
WR-216, 100, an g-aminogquinoline, were deemed worthy of study
because of activity exhibited in rhesus monkeys infected with
trophozoites of P. cynomolgi, In preliminary assessments, the
first of these compounds, WR-199, 426, exhibited limited activ-
ity against infections with the Smith strain of P. falciparum;
the second, WR-216, 100, had no more than marginal activity
against infections with the palo Alto strain of P. vivax,
Neither agent would seem to merit more extensive evaluation,

The third compound, WR-226, 253, received its primary
evaluation in the owl monkey. This 4-quinolinemethanol had
been designed by investigators in the Division of Medicinal
Chemistry, WRAIR, sO as to incorporate what were believed
to be the more desirable structural features of WR-30, 090
and WR-142, 490, The first of these compounds had exhibited
significant activity in human volunteers infected with
chloroquine-resistant strains of P, falciparum and had shown
considerable promise in preliminary field studies. WR-142, 490
(mefloquine) was substantially more active than WR-30, 090 in
human volunteers infected with multidrug-resistant strains
of p. falciparum and effectively suppressed infections with
such strains when administered at weekly or even less fre-
quent intervals. The results of the preliminary assessments
of the activity of WR-226, 253 in owl monkeys infected with
the Smith strain of p. falciparum and the Palo Alto strain

SOUTHERN RESEARCH INSTITUTE

3

5 e SRR R




i

of P, vivax indicated: (1) that WR-226, 253 was at least twice
as active as WR-142, 490 in treating established infections;

and (2) that the duration of protection against trophozoite
challenge, accorded by a single dose of WR-226, 253, was sub-
stantially greater than that provided by mefloquine. There
is urgent need for additional critical evaluations in the owl
monkey model directed toward determining whether WR-226, 253 has
sufficient superiority over WR-142, 490 to merit consideration
for study in human volunteers.

The major use of the P. falciparum - owl monkey model

has been in studies aimed primarily at insuring that specific
lots of WR-172, 435, WR-180, 409, and WR-194, 965 were suitable
for clinical trial. The first two of these agents were 4-
pyridinemethanol derivatives; the thirdwas a Mannich reaction
product. Each had been selected as a candidate for examina-~
tion in human volunteers. The batch lots prepared for these
evaluations were compared with the original lots for activity

in owl monkeys infected with the Smith strain and in addition,

were accorded critical dosage regimen evaluations aimed at
identifying the most effective treatment schedule., Because
of a shortage of monkeys, the majority of the dosage regimen
evaluations were carried out in animals infected with the
Palo Alto strain of P. vivax.

The search for improved radical curative drugs,
carried out in rhesus monkeys infected with sporozoites of
P. cynomolgi, can be divided into six discrete compartments,
The first of these was concerned with pilot evaluations of new
agents, Forty-five compounds were submitted for such evalu-
ations: five were in the heterogeneous structure category:
two were 1, 5-naphthyridone derivatives; thirty-eight were
8-aminoquinolines. None of the first two groups exhibited
reproducible curative activity. Eleven of the 8-aminoquino-
lines were at least as active as primaquine; three of this
number were from two to four times as active. 1In addition,
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six other representatives of this class were at least half

as active as primaquine, Overall, the yield of 8-amincquino-
lines with noteworthy activity (43 per cent of the total studied
during the Report period) was remarkably high, especially so

for a chemical class that has been subjected to intensive,
although intermittent, investigations for at least fifty years.

The second and third compartments of the search for
new curative drugs were extensions of earlier assessments of
the activity of WR-181, 023 (4-methyl primaquine). The first
was concerned with the radical curative and prophylactic ac-
tivities of the so-called IND lot prepared for possible study
in human volunteers. The second involved comparison of the
activities of two lots of WR-181, 023 prepared in the current
Malaria Chemotherapy Program with the activities of two lots
synthesized in 1949 by Elderfield and coworkers when 4-methyl
primaquine was known as CN-1101, These investigations revealed
no biological nor statistically significant differences in the
curative activities of the various preparations of WR-181, 023,
From the activity viewpoint, the IND lot was as acceptable as
any lot for delivery to human volunteers.

The fourth compartment dealt with a comparison of
the curative activities of WR-181, 023 (a racemate) and its ﬂ
D and L components (respectively, WR-221, 033 and WR-221, 036).
The resolution of WR-181, 023 and study of theactivities of its
isomerswere stimulated by the results of an earlier investi- 3
gation of the activities of primaquine and its isomers. This
earlier study showed that the curative activities 2f primaquine
and its isomers were identical, but that the L isomer (WR-211, 537)
was from two to four times as toxic for the rhesus monkey as
the D isomer (WR-211, 536), thus conferringa significant thera-
peutic advantage on the latter agent. The current evaluation
showed that the radical curative activities of WR-181, 023
and its isomeric components (WR-221, 033 and WR-221, 036) were

SOUTHERN RESEARCH INSTITUTE
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essentially identical. This finding led to a preliminary -
assessment of the toxicities of these agents for the monkey. :
The results of this appraisal will be detailed in a subsequent '
section of this Report,

The fifth compartment of the search for more effec- |
tive and better tolerated curative drugs involved in-depth

e W.wg S TR ’ . s

evaluations of the curative properties of six 8-aminoquinoline
derivatives which in pilot studies appeared to be at least

S —

twice as active as WR-181, 023 and four times as active as
it primaquine. The group included WR-212, 579, WR-215, 296, i
WR-215, 761, WR-216, 804, WR-221, 527, and WR-222, 671, Five of 1
this group were 4-methyl substituted congeners of WR-181, 023,
The exception, WR-222, 671, was 2-methyl substituted. WR-216, 804, -
| the 5-methoxy analog of WR-181, 023, was the only compound

kil v iitea

bearing the primaquine side chain. The other five agents had

§ chains with novel branching. The results of the in-depth
1 evaluations of the activities of the above group of compounds |
_ showed unequivocally that they were endowed with a greater
? ' level of curative activity than any other 8-aminoquinolines
studied thus far. The results also showed that the curative
A activities of these agents were dependent upon the total dose
of compound delivered and that in keeping with this principle, i
three-day and seven-day treatment schedules were equally effective.

f, The sixth and last facet of the investigations with
3 the P. cynomolgi - rhesus monkey model involved an evaluation “

3 of the influence of the size of the sporozoite inoculum on the

curative activities of the 8-aminoquinolines. Both primaquine }
and WR-181, 023 were utilized in this study in which inocula
were varied from 4 x 10l to 1.1x lO6 sporozoites. The results ;
of this study showed that with inocula of 4 x 10% sporozoites

s or fewer, the curative activities of these 8-aminoquinolines
were not markedly influenced by inoculum size. However, in-

A creasing the inoculum to 4 x 10° sporozoites or greater led

SOUTHERN RESEARCH INSTITUTE . 9
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to a marked reduction in curative activity. This influence
of inoculum size on curative activity was more marked with
primaquine than with 4-methyl primaquine (WR-181, 023). As

will be pointed out in more detail later in this Report,
this relation between inoculum size and "basic" drug efficacy

PRGN
i

should be considered whenever the same monkey is employed for
serial evaluations of agents endowed with marginal levels of

e

curative activity.

Investigations pursued during this Report period
have been concerned with two very preliminary, but probably

important toxicologic studies, both dealingwith the reactions y
of rhesus monkeys to various 8-aminoquinolines, Although
there has been no major contractual commitment to this ac- »
tivity, it has been undertaken in part because of special

expertise in the area, but primarily because past experience

with this class of compounds has shown that evaluations of
4 toxicity are critically important to determining whether a
real gain has been achieved when agents of greater therapeutic
activity are discovered.

The first of these studies was concerned with the
subacute toxicities of WR-221, 033 and WR-221, 036, respectively
the D and L isomers of WR-181, 023, The results of these studies
showed that the reactions of the rhesus monkey to the D and L i
forms and to the D, L mixture (WR-181, 023) were quantitatively z
identical., This finding is in striking contrast to the results
of a comparable study on WR-211, 536 and WR-211, 537, the D and
L components of primaquine, which showed that the L form was

i distinctly more toxic than the D form and significantly more
94 toxic than primaquine. This observation led to the suggestion

that consideration be given to substituting WR-211, 536 for
primagquine in curative drug regimens. Obviously, a similar
shift to one of the isomers of WR-181, 023 is contraindicated.
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The second of the studies was concerned with the
toxicities of WR-212, 579, WR-215, 296, WR-215,761, WR-216, 804,
WR-221, 527, and WR-222,671, the group of agents endowed with
unusually high levels of curative activity referred to in an

T -

:!!

earlier section of this Summary. In brief, the results of
these studies have shown that WR-212, 579, WR-215, 296, and
WR-215, 761 are at least twice as toxic as primaquine; WR-222,671

slsalar il

s

§ is approximately three times as toxic, whereas WR-216, 804 and
; WR-221, 527 are more than four times as toxic. These findings
4 leave these "promising" agents with therapeutic indices very
similar to the therapeutic index of primaquine. How this

position may influence interest in evaluating one or more of

the new compounds in human volunteers will be considered in
8 a later section of this Report.

The above is a concise summary of the scope and
major results of the activities pursued in the 1975-1976
contract year. Detailed descriptions of these endeavors
are presented in the sections that follow.

SOUTHERN RESEARCH INSTITUTE
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I. PILOT EVALUATIONS OF NEW BLOOD SCHIZONTICIDES

A. WR-199, 426

WR-199, 426 was one of the two 4-quinolinemethanol
derivatives evaluated during the current contract year. This
compound has structural features somewhat different from those
of WR-30, 090 and WR-142, 490, two of the more promising quino-
linemethanols (cf Figure 1). These features, coupled with
demonstrable activity against infections with trophozoites of
the B strainof P. cynomolgi in the rhesus monkey, stimulated
a preliminary assessment of the activity of WR-199,426*
against infectionswith the multidrug-resistant Smith strain
of P. falciparum in the owl monkey.

As the results of this study show (cf Tables 1 and
2), WR-199, 426 failed to control parasitemia when administered
in daily doses of 1,25, 2,5, 5.0, or 10.0 mg base per kg body
weight. Controlwas irregular with daily doses of 20,0, 40.0,
and 80,0 mg per kg. Clearance of parasitemia and cure were
achieved in both recipients of doses of 20,0 mg per kg and in
one of each pair of recipients of doses of 40.0 and 80.0 mg
per kg. The infection in the second recipient of 40. 0 mg doses
recrudesced twenty days after the end of treatment. Parasitemia
was reduced but not cleared in the second recipient of 80.0 mg
doses, These irregularities are puzzling. They may have been
related to a defect in absorption from the gastrointestinal
tract associated with anorexia (and accompanying weight loss),
a reaction exhibited in all recipients of 40.0 and 80.0 mg per
kg doses.

*Used as the dihydrochloride salt.
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The shortage of owl monkeys precluded evaluating the
activities of WR-199, 426, WR-30, 090, and WR-142, 490 in parallel.
The next best appraisal, a comparison of the results of the
current evaluation of the activity of WR-199, 426 with the
results of earlier, far more extensive evaluations of the
activities of WR-30, 090 and WR-142, 490, shows that the former
agent is no more than one-half as active as WR-30, 090 or one-

o

eighth as active as WR-142, 490 against infections with the

ST ]

multidrug-resistant Smith strainof P, falciEarum.* According
to this comparison, WR-199, 426 would be a poor competitor of
WR-30, 090 and afford even less competition to WR-142, 490 or
to its close and slightly less active relative, WR-184, 806
(cf Annual Report, 1974-1975: SORI-KM-76-319).

*The hydrochloride salts of WR-30,090 and WR-142, 490 were
employed in these evaluations,

s Tk o e
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FIGURE 1
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STRUCTURES OF WR-199, 426, WR-30, 090, AND WR-142, 490
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£ B. WR-216, 100

It has been hoped that the search for more effective
¢ radical curative drugs would uncover a compound well endowed
with both blood and tissue schizonticidal activities. The

T

availability of such an agent would make it possible to cure
naturally acquired infections with a single drug regimen,
Primaquine has activity against both blood and tissue schizonts,
but its blood schizonticidal potency is not great enough at
tolerated doses to be useful. Evaluations pursued in owl
monkeys infected with the Palo Alto strain of P, vivax have

: shown that in terms of activity against blood schizonts,

1 WR-181, 023 (4-methyl primaquine) is only a slight improve-
ment over primaquine. The dose of WR-181, 023 required to
control infections with blood schizonts of P. vivax is at

least ten times the dose required for cure of infections with
the tissue schizonts of P, cynomolgi.

WR-216, 100, a 5,6-substituted 8-aminoquinoline (cf
structure Figure 2), has been suggested as a possible candi-
date for use as both a tissue and blood schizonticide. This
compound has exhibited significant activity against the blood
parasites of P, berghei and P, cynomolgi. Its tissue schizonti-
cidal activity falls between that of WR-181, 023 and primaquine.
These qualities, together with some structural novelty, stimulated
the evaluation summarized below.

The results of a preliminary assessment of the activ-
ity of WR-216, 100 against established infectionswith trophozo-
ites of the Palo Alto strain of P, vivax have been summarized

i e R S g i e

in Tables 3 and 4*. Data on primaquine and WR-181, 023 are

included for comparative purposes. As indicated in Tables 3
and 4, some of the observations on the latter compounds were
derived from the current evaluation, the majority from assess- ¥
ments performed at earlier dates. ¥

*WR-216, 100 was administered as the citrate salt in these
studies,
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The observations summarized in Table 4 show that
WR-216, 100 had relatively low activity against the blood
schizonts of the Palo Alto strain of P. vivax, failing to
clear parasitemias when delivered at daily doses of 2.5 mg
prer kg and less, and effecting only temporary clearance when
administered in doses of 5,0 and 10. 0 mg perkg. In compari-
son, 2.5 mg doses of primaquine effected clearance regularly,
as did 1.25 mg doses of WR-181, 023, Cures were achieved in
approximately 50 per cent of the recipients of this latter
8-aminoquinoline in doses of 1.25 or 2.5 mg perkg. If these
comparative data are an indication of what can be expected of
WR-216, 100 in humans infected with P, wvivax, this agent is
likely to be of little value in a monodrug curative regimen.
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FIGURE 2

STRUCTURES OF WR-216, 100, PRIMAQUINE, AND WR-181, 023
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